Objective: The present study aims at using cone beam computed tomography (CBCT) to analyze the maxillomandibular characteristics present in adults with mandibular asymmetries and different sagittal jaw relationships. Methods: 360 patients were selected and divided into three groups (Class I, Class II, and Class III), with 120 individuals per group. The groups were then subdivided according to the intensity of lateral deviation of the gnathion point, into: 1) relative symmetry, 2) moderate asymmetry, and 3) severe asymmetry. Three planes of reference were established in the CBCT images and several measurements were taken to compare the bilateral skeletal differences between the intensities of asymmetry for the different sagittal jaw relationships. Results: When the groups were compared by the intensity of asymmetry, significant differences among patients with relative symmetry and moderate to severe asymmetry were found. This was especially noticed for severe asymmetry, suggesting that the deviation of the chin did not constitute the only morphological alteration for these patients, especially because a series of measurements showed significant bilateral differences. When comparing sagittal jaw relationships, the only significant finding was the vertical positioning of the gonion between Class II and III patients with severe asymmetry. Conclusions: When comparing the three sagittal jaw relationships with the same intensity of asymmetry, most maxillofacial aspects were quite similar. The only difference was found for patients with severe asymmetry, as the individuals with Class II showed greater bilateral difference in the vertical positioning of the gonion, when compared to patients with Class III. Objetivo: o presente estudo teve como objetivo analisar, por meio de tomografia computadorizada de feixe cônico (TCFC), as características esqueléticas maxilomandibulares presentes em adultos com diferentes graus de assimetria mandibular e diferentes relações esqueléticas sagitais. Métodos: foram selecionados 360 pacientes, os quais foram divididos em três grupos, com 120 indivíduos cada (Classe I, Classe II e Classe III). Cada grupo foi, ainda, subdividido de acordo com a intensidade do desvio lateral do mento: 1) simetria relativa; 2) assimetria moderada; e 3) assimetria severa. Três planos de referência foram estabelecidos nas imagens de TCFC e várias medidas foram realizadas, sendo comparadas as diferenças esqueléticas bilaterais existentes entre os graus de assimetria em cada grupo, nas diferentes relações esqueléticas sagitais. Resultados: quando comparados os grupos pelos graus de assimetria, existiram diferenças significativas entre pacientes com simetria relativa e pacientes assimétricos, especialmente para a assimetria severa, sugerindo que o desvio do mento não constitui a única alteração morfológica para esses pacientes, especialmente porque uma série de medidas apresentou diferenças bilaterais significativas. Quando comparadas as relações sagitais entre si, não foram encontradas diferenças significativas, exceto para o posicionamento vertical do gônio entre as Classe II e III na assimetria severa. Conclusão: ao comparar a mesma intensidade de assimetria entre as diferentes relações esqueléticas sagitais, pouca diferença pôde ser observada. A única diferença encontrada foi em pacientes com assimetria severa, na qual os indivíduos com Classe II apresentaram maior diferença bilateral no posicionamento vertical do gônio, quando comparados àqueles com Classe III. 
INTRODUCTION
Lateral deviation of the chin is considered the most striking characteristic of facial asymmetry. This type of asymmetry has a prevalence generally reported to be between 11 and 37% [1] [2] [3] [4] [5] in patients who seek orthodontic treatment. When present, this incongruence commonly presents as characteristically unfavorable to the patient from the esthetic and functional point of view, as well as a challenge for the clinician providing the treatment.
Such asymmetries may have specific pathological factors as etiologies, either congenital or acquired, as well as developmental alterations of undefined origin. [6] [7] [8] Although there is no concrete response to explain the cause of these developmental asymmetries, some theories claim that accentuated mandibular growth could be more predisposed to complications of environmental and genetic factors. This aspect would make the asymmetry more evident. [8] [9] [10] Some studies claim that, in terms of prevalence, mandibular asymmetries seem to be equally distributed among Class I, II, and III malocclusions. 11 However, other studies have shown that such asymmetries would be more frequently related to patients with Class III, 5, 12 and less related to those with Class II. 2 Despite these epidemiological differences, few studies in the literature have sought to compare the existing three-dimensional structural differences regarding asymmetry in the different sagittal jaw patterns. Some studies have compared Class III with Class I, [13] [14] [15] [16] [17] Class II with Class I, 18 or Class III with Class II, 19 but none have compared the malocclusions fully. On this basis, the present article sought to analyze, using CBCT images, the maxillomandibular skeletal characteristics present in adults with different intensities of mandibular asymmetry and different sagittal jaw relationships.
MATERIAL AND METHODS
Institutional ethical committee approval from Universidade do Sul de Santa Catarina was obtained prior to conducting the study (reference number: 1.591.220). All procedures were in accordance with the ethical standards of this committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2008 .
This cross-sectional study was nested within a previous epidemiological investigation that analyzed the prevalence and associations of mandibular asymmetries. 20 CBCT images of 360 individuals were eligible, and power calculation for the statistical tests applied demonstrated that this sample size would suffice (β < 0.2, using α = 0.05).
All patients belonged to the database of a center for diagnostic services and dentistry planning. The tomographic images were obtained between 2011 and 2013.
The following inclusion criteria were adopted: individuals between the ages of 19 and 60 years with requested tomographic images when clinically justified, thus following the directives of the SedentexCT project and of the American Academy of Oral and Maxillofacial Radiology; 21, 22 and presence of all erupted permanent teeth (excluding the third molars). The exclusion criteria were: history of orthodontic treatment, fractures or surgery in the region of the face, degenerative disease in the temporomandibular joint, and craniofacial anomalies.
To conduct the exams, all images were obtained using the same type of tomographic equipment (iCAT ® , Imaging Sciences International, Hatfield, PA), adjusted to the following specifications: extended field of acquisition (16 x 22cm or 17 x 23cm), 120KvP, 3-8mA and voxel pattern of 0.4mm
The patients were seated so that the head was positioned with the Frankfort plane parallel to the ground, the median sagittal plane perpendicular to the ground, and were instructed to close the mouth to maximum intercuspation and to let the lips relaxed.
The CBCT images were exported in DICOM (Digital Imaging and Communication in Medicine) format, using the iCAT Vision ® software. The DICOM files were imported into the SimPlant Ortho Pro ® 2.0 (Materialise Dental, Leuven, Belgium) software and the anatomical points were located according to the multiplanar reconstruction slices, using a measurement scale of 0.01mm and 0.01 o . The total sample was divided into three groups with 120 individuals each, according to the sagittal jaw patterns for Class I (ANB angle from 0 to 4. 23 Each group was subdivided into three additional categories with 40 individuals each, according to the intensity of chin laterality. The lateral deviation of the gnathion point was the criterion established to determine mandibular asymmetry, since this deviation greatly influences the perception of an asymmetrical face. 2 Patients with displacement of 2mm or less were defined as exhibiting relative symmetry.
Comparison of maxillomandibular asymmetries in adult patients presenting different sagittal jaw relationships original article Patients whose gnathion was displaced by more than 2 mm and up to 4 mm were defined as exhibiting moderate asymmetry. Patients with gnathion displacement from the midsagittal plane greater than 4 mm were defined as exhibiting severe asymmetry. These parameters were adopted according to data suggested in other studies.
9,24-27 Table 1 describes the landmarks and reference planes used in the present study. Three reference planes were established in the CBCT images and the mandibular and maxillary measurements were made and grouped in the transverse, sagittal, and vertical planes. The methodology used in the present study for determining the midsagittal plane was previously validated by the study of Damstra el al. 28 These measurements are described in Table 2 and illustrated in Figure 1 .
The deviation of the gnathion to the midsagittal plane was considered in absolute values, independent of the side of the deviation. To determine the asymmetry between the measurements taken in bilateral cephalometric points, the difference (/dif) was analyzed between the contralateral side and the side of mandibular deviation.
To calculate the error of the method, 10% of the sample was evaluated at two separate times by the same evaluator, at a two-week interval. The IntraClass Correlation Coefficient (ICC) was used, and a value >0.80 was obtained for all measurements evaluated.
Statistical analyses were conducted using the SPSS To verify possible differences among Classes I, II, and III patients in relation to the different intensities of asymmetry, the Analysis of Variance (complemented by the Tukey test) was conducted when the data showed normality, and the Kruskal-Wallis test was used when the normality criterion was not satisfied (complemented by the MannWhitney test with Bonferroni correction, to identify the differences). A 5% significance level was considered. Table 3 describes the distribution of the sample for frequency according to sex, in addition to the means, standard deviations, and amplitudes by age, ANB angle, and deviation from the gnathion point (in absolute values) for each sagittal jaw relationship evaluated. Table 4 shows the variables used in the analysis of the differences obtained between the contralateral side and the deviated side for maxillary and mandibular skeletal measurements, in each group of sagittal jaw relationships. Comparing the patients with relative symmetry, moderate asymmetry, and severe asymmetry, it was found that the Gn-MSP, Go-MSP/dif and CoGo/dif values differed significantly among the intensities of asymmetry for all groups.
The ANS-MSP variable showed a significant difference between symmetrical and asymmetrical only for Class II patients. There was a statistically significant difference for J-MSP/dif among Class I patients with mandibular symmetry and severe asymmetry. The Go-Coronal/ dif variable showed significant differences for Class I and Class III patients when comparing patients with severe asymmetry and the others. There was a statistically significant difference for Cap-Coronal/dif between patients with severe asymmetry and the others only for Class III. The GoGn/dif variable showed significant differences between patients with severe asymmetry and the other patients in Class I, while in Class III the differences were only between severe asymmetry and relative symmetry. Significant differences were found for Go-Camper/dif among patients with severe asymmetry and the others in Classes I and II. Significant differences were found for J-Camper/dif between the symmetrical and asymmetrical Class I and II patients (Table 4) .
When comparing Class I, II, and III patients (Table 5 ), in relation to the different intensities of asymmetry, it was found that there were no differences in the variables analyzed for relative symmetry and moderate asymmetry. Among the groups, the Go-Camper/dif measurement only differed in severe asymmetry, specifically between Class II and Class III patients. The Go-Camper/dif measurement in Class II patients with severe asymmetry was statically greater than this same measurement for Class III patients with severe asymmetry, suggesting a greater difference in the vertical position of the gonion point between the contralateral and the deviated sides. 
A B
Comparison /dif = difference: value obtained in the contralateral side deducted from the deviated side. † Analysis of variance (ANOVA) complemented by a multiple comparison Tukey test. § Kruskal-Wallis test, followed by the Mann-Whitney test to identify intergroup differences. For each intensity of mandibular asymmetry, averages followed by distinct letters differ significantly, with a significance level of 5%. 
DISCUSSION
The term fluctuating asymmetry refers to the small, random variations in characteristics presumably having bilateral symmetry and is broadly used as a measure of instability in the development of plants and animals. 8, 29 As every human face has some degree of asymmetry, we may consider that only the moderate and severe asymmetries may require orthodontic treatment, including orthognathic surgery in the most serious cases. 6 Therefore, knowledge of the factors determining facial asymmetry is essential for the orthodontist to properly diagnose the patient and establish the best treatment plan.
The present study revealed that there were marked differences between the maxillary and mandibular components that affect the different intensities of mandibular asymmetry (Table 4 ). The deviation of the chin is not the only morphological alteration for asymmetrical patients, since many of the variables analyzed showed significant differences. This fact is extremely important for the diagnosis and elaboration of a treatment plan for these patients, especially in cases involving orthognathic surgery. The measurements that evaluate the positioning of the gonion point are worth mentioning, as reported by other authors. 14, 18, 26 These striking alterations in the three-dimensional positioning of the gonion point in asymmetrical patients may be related to unbalanced musculature in such individuals. 30 In the present study, statistically significant (p < 0.05, Table 4 ) differences were found among the intensities of asymmetry in each group (Classes I, II and III) for the variables used to evaluate the lateral deviation of the gnathion, the bilateral difference in the lateral positioning of the gonion, and ramus height.
original article Thiesen G, Freitas MPM, Gribel BF, Kim KB However, the main objective of the present study was to compare different sagittal jaw relationships. The present results showed that, when comparing the same intensities of asymmetry in the different sagittal jaw relationships, little differences were found (Table 5) .
There was a statistically significant difference only between Class II and III patients with severe asymmetry for the variable used to analyze the bilateral differences in the vertical positioning of the gonion point. The results of the present study suggest that Class II patients with severe asymmetry presented a greater bilateral difference in the vertical positioning of the gonion, compared to Class III patients with severe asymmetry. This indicates that in Class II patients, the gonion on the contralateral side is commonly positioned below the gonion of the mandibular deviation side, and this difference is statistically greater than that of Class III patients (although the lower positioning of the gonion on the contralateral side also exists in Class III patients). This lower positioning of the gonion on the contralateral side was commonly seen in most patients with severe asymmetry, although individual variations were found. This is illustrated by the high standard deviation shown for this variable.
Similar to the present study, the study by Kim et al 19 compared Classes II and III asymmetrical patients, and found that the only difference was a greater bilateral difference in the height of the mandibular ramus in Class II patients.
Sievers et al 18 compared the index of asymmetry of cephalometric points in Classes I and II patients using CBCT and found no difference among them.
Studies that have made three-dimensional comparisons of the structural differences between Class I and Class III [13] [14] [15] [16] [17] patients used Class I as the control, and the individuals of the control group were considered to have craniofacial symmetry. The differences found in these studies were statistically significant among the individuals for many of the variables analyzed, in the same way as in the present study when symmetrical and asymmetrical patients were compared.
The findings of the present study have highlighted the fact that the maxillomandibular components that show bilateral incongruence are commonly the same for patients with skeletal Classes I, II, and III who present the same degree of mandibular asymmetry. This suggests that asymmetries, when present, behave in a similar manner regardless of sagittal jaw pattern.
The present study is also clinically relevant since it allows professionals to evaluate the morphologic components related to different intensities of chin deviation and correctly diagnose and define treatment plan for those patients. However, it is worth highlighting that some of the measures evaluated in the present study had considerable standard deviations. This indicates that the individual variation should be considered when evaluating the determinant morphological characteristics of craniofacial asymmetry.
CONCLUSIONS
The three sagittal jaw relationships were compared for the maxillomandibular characteristics associated with different intensities of mandibular asymmetry. The main findings were as follows:
1. The deviation of the chin is not the only skeletal alteration for asymmetrical patients, since many of the analyzed variables showed significant differences when the intensities of the deviation were compared.
2. Few differences were found among the various sagittal jaw relationships. Class II patients showed a greater bilateral difference in the vertical positioning of the gonion, when compared to Class III patients, only in the severe asymmetry group.
